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ABSTRACT
Background: Approximately 7% of clinically referred youth exhibit profound
impairment in the ability to regulate their affect, behavior, and cognition. This phenotype
– often referred to as dysregulation – has been associated with a multitude of negative
outcomes. Symptom overlap between dysregulation and other psychological disorders
has generated debate regarding whether DP constitutes a distinct syndrome characterized
by intense, persistent irritability or is merely the combination of symptoms from
disruptive or mood disorders. In order to elucidate this question, the current study
examined the transdiagnostic continuities and discontinuities in three RDoC constructs
(frustrative non-reward, acute threat, and cognitive control) proposed to be mechanisms
of irritability
Method: Participants were 294 children ages 7-17 (M=10.94; 67% male). Emotional and
behavioral symptoms were measured using the Child Behavior Checklist and the Kiddie
Schedule for Affective Disorders and Schizophrenia. Frustrative non-reward was
measured using a frustration-induction Go/No-Go paradigm during which heart rate
variability was indexed by respiratory sinus arrhythmia (RSA) and pre-ejection period
(PEP). Acute threat was measured using an Emotional Faces computer paradigm in
conjunction with an eyetracker/pupilometer. Cognitive control was assessed with the
Behavioral Rating Inventory of Executive Function (BRIEF), Delis-Kaplan Executive
Function System (D-KEFS) and Stop Signal Task (SST).
Results: Symptoms of dysregulation and non-episodic irritability were strongly,
positively related. Due to a lack of demonstrated construct validity for the hypothesized
RDoC constructs of frustrative non-reward, acute threat, and cognitive control, two
alternative mechanisms—SNS response and cognitive dyscontrol of emotion—were
derived from the data. Results showed that blunted sympathetic responsivity and poor
executive control in response to emotion were predictive of more severe irritability
symptoms. Finally, moderation analyses showed that among highly dysregulated
children, low levels of sympathetic responsiveness were associated with more severe
irritability symptoms.
Conclusions: Despite phenotypic overlap with other forms of developmental
psychopathology, dysregulated children can be distinguished based on the severity of
their irritability symptoms. This supports the conceptualization of dysregulation as a
unique syndrome characterized by intense and persistent irritability and lends credence to
the novel diagnosis of DMDD. Furthermore, cognitive, behavioral and physiological
patterns identified in this study suggest that difficulties with processing negative
emotion—as opposed to frustration or threat specifically—may constitute a vulnerability
for irritabilit
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CHAPTER 1: INTRODUCTION
Childhood Dysregulation
Approximately 7% of youth referred for psychiatric treatment exhibit concurrent
and impairing mood, behavior and attention problems (Holtmann, Becker, Banaschewski,
Rothenberger, & Roessner, 2011a; Holtmann, Goth, Wöckel, Poustka, & Bölte, 2008).
This phenotype—commonly referred to as dysregulation—constitutes a formidable
clinical and public health challenge. Dysregulated children face enduring impairment
throughout adolescence and adulthood and are at increased risk for numerous, deleterious
outcomes, including substance abuse, suicidality, psychiatric hospitalization, persistent
psychopathology, and personality disorders (Althoff, Verhulst, Rettew, Hudziak, & van
der Ende, 2010a; Biederman et al., 2009; De Caluwe, Decuyper, & De Clercq, 2013;
Deutz et al., 2018b; Holtmann et al., 2011b; Holtmann et al., 2008; Meyer et al., 2009).
Furthermore, current treatments for dysregulated children are inadequate, relying on
behavioral and pharmacological interventions developed for specific problem domains
(e.g., aggression, hyperactivity) that have limited data to support their efficacy among
children with severe problems in multiple domains (Dickstein et al., 2009; Waxmonsky et
al., 2008).
This paucity of empirically-supported treatments for dysregulated children
reflects, in part, uncertainty regarding the fundamental nature of their illness. Although
dysregulation is often diagnosed as comorbid oppositional defiant, attentiondeficit/hyperactivity, and mood/anxiety disorders, many have hypothesized that this
complex constellation of symptoms may be more parsimoniously explained as a single
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syndrome characterized by intense and persistent irritability (Althoff, Verhulst, Rettew,
Hudziak, & van der Ende, 2010b; Carlson, 2007; Deutz, Geeraerts, van Baar, Deković, &
Prinzie, 2016b). Unfortunately, empirical validation of this explanation has been limited
by insufficient knowledge of the phenomenology of irritability, both generally and within
the context of dysregulation.

Irritability
Defined as a propensity towards anger and/ or sadness incommensurate with the
individual’s situation and/or developmental level, irritability represents a highly
transdiagnostic symptom exhibited across diverse forms of psychopathology, including
mood, anxiety, behavioral, substance use and personality disorders (Toohey &
DiGiuseppe, 2017). Yet, despite its pervasive presence in the psychiatric nomenclature,
irritability has historically been an ill-defined and empirically-neglected construct. Even
the most basic phenomenological questions, such as whether irritability represents an
affective or behavioral symptom, remain unanswered. This obscurity is even perpetuated
in the standardized taxonomy of the Diagnostic Statistical Manual – Fifth Edition (DSM5), where terminology, such as irritability, irritable behavior and irritable mood, are used
interchangeably (American Psychiatric Association, 2013; Roy, Brotman, & Leibenluft,
2019).
Irritability within the context of bipolar disorder. The clinical importance of
examining heterogeneity within irritability was brought into sharp relief during the late
1990s and early 2000s. During this time, a perspective that dysregulation symptoms may

2

constitute a developmentally-specific presentation of bipolar disorder was widely
disseminated (Biederman et al., 2000; Findling et al., 2001; Wozniak et al., 1995). In
particular, proponents of this conceptualization posited that mania symptoms in children
did not conform to the classic episodic pattern observed in adults. Accordingly, many
dysregulated children were diagnosed with juvenile bipolar disorder (JBD) based on the
assumption that their severe and persistent irritability symptoms represented “ultra-ultra”
rapid-cycling (i.e., once every 24 hours) mood fluctuations (Singh, 2008). This drastic
expansion of the bipolar spectrum led to a precipitous 40-fold increase in rates of JBD
diagnoses, accompanied by a parallel rise in the prescription of antipsychotic and moodstabilizing medications (Harrison, Cluxton-Keller, & Gross, 2012; Moreno et al., 2007;
Olfson, Blanco, Liu, Moreno, & Laje, 2006). These trends invoked serious concerns
about the ethics and efficacy of treating non-episodic irritability with pharmacological
interventions developed to manage irritability in the context of discrete episodes of
mania. This provided researchers with a critical impetus to empirically characterize
irritability and its different manifestations.
To that end, the National Institute of Mental Health (NIMH) introduced Severe
Mood Dysregulation1 (SMD; see Appendix A), a set of provisional diagnostic criteria
intended to capture and facilitate the study of non-episodic irritability in youth
(Leibenluft, 2011b). The ensuing body of research yielded compelling evidence to
suggest that episodic and non-episodic irritability could be meaningfully distinguished in
terms of prevalence (Brotman et al., 2006), heritability (Brotman et al., 2007), behavior
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Disruptive Mood Dysregulation Disorder (DMDD; Appendix B), a modified version of SMD criteria, was
incorporated into the DSM-5.
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(Rich et al., 2010; Rich et al., 2007), psychophysiology (Rich et al., 2007), neurobiology
(Adleman et al., 2011; Brotman et al., 2010; Rich et al., 2011), longitudinal outcomes
(Althoff et al., 2010) and treatment responses (Dickstein et al., 2009).
Relations to other developmental psychopathology. Despite being welldifferentiated from mania, the symptoms of non-episodic irritability associated with
childhood dysregulation still overlap substantially with other common categories of
developmental psychopathology. For example, irritability has been consistently identified
as a dimension of oppositional defiant disorder (ODD; Aebi, Plattner, Metzke, Bessler, &
Steinhausen, 2013; Stringaris & Goodman, 2009a, 2009b) as well as a prominent
symptom in pediatric depressive disorders (Luby et al., 2003; Stringaris, Maughan,
Copeland, Costello, & Angold, 2013). Furthermore, recent studies have also shown high
levels of irritability among children with anxiety (Stoddard et al., 2014) and attentiondeficit/hyperactivity disorder (ADHD; Eyre et al., 2017).
However, the question of whether and to what extent these different childhood
manifestations of non-episodic irritability represent a common phenomenological
experience has not been well-studied, and the limited available evidence has yielded
inconsistent conclusions. On the one hand, some research has shown that, across
diagnostic categories, there is a similar trajectory from childhood irritability symptoms to
mood problems in adulthood, supporting transdiagnostic equivalence (Brotman et al.,
2006; Burke, Hipwell, & Loeber, 2010; Eyre et al., 2017; Fergus et al., 2003; Masi,
Muratori, Manfredi, Pisano, & Milone, 2015; Stringaris, Cohen, Pine, & Leibenluft,
2009; Stringaris & Goodman, 2009a). On the other hand, however, emerging evidence
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has provided some support for the existence of distinct subtypes or components within
non-episodic irritability. Specifically, experts at the NIMH have proposed a distinction
between tonic (i.e., resentment, annoyance, sulking, arguing) and phasic (i.e., temper
tantrums or outbursts) irritability in an effort to disentangle affective and behavioral
features (Leibenluft & Avenevoli, 2014). Although these constructs have not been
adequately validated, preliminary evidence suggests that phasic irritability may cause
greater functional impairment and be more heritable and stable across development
(Locicero, Carlson, Pang, & Klein, 2017; Moore et al., 2019).
Measurement challenges. The current, rudimentary state of methods for
describing and measuring pediatric irritability constitutes a major barrier to its conceptual
and phenomenological refinement. The vast majority of studies in the field have
measured irritability through verisimilar questions obtained from standardized diagnostic
interviews or well-established behavior rating scales for other phenotypes (Roy, Brotman,
& Leibenluft, 2019). For example, many early studies of non-episodic irritability simply
used criterion for Major Depressive Disorder (e.g., feels mad or cranky most of the time
for two weeks or longer) and/or ODD (e.g., loses temper frequently, feels angry or
resentful, is easily annoyed) extracted from diagnostic interviews, such as the Kiddie
Schedule for Affective Disorders and Schizophrenia (K-SADS). Some more empirical
approaches have been utilized, including a factor-analytically derived irritability scale
formed from items on the Child Behavior Checklist (CBCL) or similar measures (Aebi et
al., 2013; Burke et al., 2010). However, typically consisting of only three items (e.g.,
have a hot temper, stubborn sullen or irritable and mood/feelings change suddenly), these
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measures do not provide the specificity, detail and/or psychometric rigor necessary to
meaningfully examine heterogeneity in irritability symptoms. Furthermore, for research
pertaining to the relations between irritability and other psychological disorders or
syndromes (e.g., dysregulation), the lack of valid, stand-alone measures of irritability is
problematic insofar as the various phenotypes are often derived from the same measure
or items (e.g., CBCL), and therefore share variance, which biases estimates of their
relations.
The Research Domain Criteria Framework
Given the highly transdiagnostic nature of irritability, together with its measurement
challenges, it is unsurprising that dysregulation has not been distinguished from other
psychological syndromes based on symptomatology alone (Freeman, Youngstrom,
Youngstrom, & Findling, 2016; Mayes, Waxmonsky, Calhoun, & Bixler, 2016; Roy,
Lopes, & Klein, 2014). As such, the investigation of the underlying etiopathological
mechanisms may elucidate greater variability in the processes that beget symptoms of
non-episodic irritability. The NIMH’s Research Domain Criteria (RDoC) provides a
useful framework for this enterprise. This initiative promotes the interdisciplinary study
of psychological and biological processes or constructs that underpin human
(dys)function with the objective of developing more precise nosological and therapeutic
approaches (Insel, 2014; Kozak & Cuthbert, 2016). Constructs are organized by both
higher-level systems (i.e., arousal/modulation, cognition, negative valence, positive
valence, and social processes) as well as lower-level units of analysis (i.e, genes,
molecule, cell, circuit, physiology, behavior, and self-report).
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RDoC constructs relevant to irritability. Based on extant theories and evidence,
three RDoC constructs were considered particularly germane to understanding
dysregulation and non-episodic irritability: frustrative non-reward, acute threat and
cognitive control.
Frustrative non-reward. The construct of frustrative non-reward is part of the
RDoC negative valence system and describes the normative affective experience elicited
by the absence of an anticipated reward. In both humans and animals, frustrative nonreward serves to motivate behavioral responses such as perseverance or withdrawal
(Amsel, 1958). Dysregulated children have been widely hypothesized to exhibit
impairment in this process, such that they experience low thresholds for frustration as
well as aberrant behavioral responses to frustration (e.g., temper tantrums, aggression).
Evidence has supported the role of frustrative non-reward in dysregulation. For
example, Adelman et al. (2011) reported that, during a frustrating task, dysregulated
children committed more errors and had less activation of the inferior frontal gyrus (a
brain region involved in response selection, inhibition and attention) as compared with
both healthy controls and children with bipolar disorder. In a similar study, Deveney et
al. (2013) showed that, when frustrated, dysregulated children were less successful in
shifting attention than healthy controls. Additionally, dysregulated children exhibited
lower activation of the left amygdala, left and right striatum and the parietal cortex,
which are associated with attentional flexibility, reward processing and emotional
salience. Yet, despite these findings, the extent to which exaggerated responses to
frustrative non-reward represent a mechanism specific to dysregulation remains unclear,
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as similar reward processing aberrations have been identified in children with other
externalizing psychopathologies, including oppositionality, conduct problems, and
psychopathic traits (Finger et al., 2011; White et al., 2013; White et al., 2016).
Acute threat. A second, more novel theory posits that the persistent irritability
exhibited among children with dysregulation may be a consequence of aberrant threat
processing. This aligns closely with the RDoC construct of acute threat, which is also part
of the negative valence system. Acute threat refers to the motivational system that
promotes behaviors to protect organisms from perceived danger. Adaptive responses to
threat are modulated in accordance with its severity, imminence and avoidability. For
example, distal threats tend to elicit vigilance, whereas more proximal threats may evoke
stronger “fight-or-flight” responses. Typically, threats perceived as both imminent and
inescapable are approached with anger, rage, and/or aggression with the objective of
neutralization (Brotman, Kircanski, Stringaris, Pine, & Leibenluft, 2017). This theory
proposes that dysregulated children may experience a bias towards interpreting neutral or
mildly threatening stimuli in their environment as proximal threats, leading to
inappropriate irritability, anger and/or aggression. Several studies have found evidence
for atypical threat processing among dysregulated youth. For example, Hommer et al.
(2014) found that dysregulated children oriented more rapidly and preferentially towards
images of threatening faces on a computer screen. Similarly, Salum et al. (2017) found
that attentional bias towards threatening faces was associated with irritability symptoms
even after adjusting for demographic variables and other psychiatric symptoms. Other
studies have examined explicit labeling of facial emotions and found that dysregulated
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children are less accurate overall and tend to misinterpret benign or ambiguous
expressions as threatening more frequently than healthy controls (Rich et al., 2010; Guyer
et al., 2007; Stoddard et al., 2016). However, given the well-established literature that
implicates threat processing biases in anxiety (Bechor et al., 2019; Gulley, Oppenheimer,
& Hankin, 2014; Mathews & Macleod, 1985) and trauma-related disorders (Garrett et al.,
2012; Lanius et al., 2017), the specificity of this process to dysregulation requires further
investigation.
Cognitive control. Finally, the construct of cognitive control lies within the RDoC
cognitive system and reflects the modulation of cognitions and emotions in the service of
goal-directed behavior, encompassing executive functioning processes such as goal
selection, response inhibition, and performance monitoring. Although dysfunction in
cognitive control has been widely implicated as a mechanism of aggressive behavior,
studies of its relationship to irritability and dysregulation have been limited and yielded
mixed findings (Granvald & Marciszko, 2016; McGough et al., 2013; Peyre, Speranza,
Cortese, Wohl, & Purper-Ouakil, 2015; Séguin, Pihl, Harden, Tremblay, & Boulerice,
1995). For example, McGough et al. showed that children with both dysregulation and
attention-deficit/hyperactivity disorder (ADHD) reacted more slowly and were less
attentive during an inhibitory control task as compared with controls and children with
only ADHD (McGough et al., 2013). However, others have found no association between
dysregulation and executive function (Peyre et al., 2015).
Opportunities and challenges within the framework. In the DSM-5, severe
non-episodic irritability obtained its nosological status as disruptive mood dysregulation
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disorder (DMDD; see Appendix B). Although closely related to SMD, there is little
evidence to support the validity of this diagnostic category as a target for investigating
the phenomenology of irritability (Baweja, Mayes, Hameed, & Waxmonsky, 2016). The
RDoC framework addresses this limitation by emphasizing the processes that mediate
dysfunction rather than only observable symptoms. Moreover, the RDoC framework
makes no attempt to formulate homogeneous classifications based upon these processes
(Kozak & Cuthbert, 2016). Rather, it intends to promote the exploration of heterogeneity
within diagnostic categories as well as the identification of shared mechanisms that may
account for comorbid diagnoses. Yet, despite theoretical optimism for the benefits of this
a multidimensional, mechanism-based approach to studying the underlying processes
associated with non-episodic irritability, there are several practical shortcomings of the
RDoC. In its current state, the framework offers only vague and sporadic
recommendations regarding the operationalization of each of these constructs. For
example, within the construct of frustrative non-reward, the terms “parasympathetic
system” and “physical and relational aggression” are respectively listed as physiological
and behavioral methods of assessment with no definitions or rationale. Moreover, the
framework fails to address the highly probable existence of dynamic relationships among
various constructs and units of analysis. That is, the RDoC presents each construct and its
respective units of analysis in isolation with no guidance related to the appropriate
methodological and/or analytical approaches to examining the integrative nature of
psychiatric disease processes (MacNamara & Phan, 2016).
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Current Study
The current study seeks to further refine the relations between dysregulation and
irritability by transdiagnostically examining several potential etiopathologic mechanisms
using an RDoC-informed approach that utilizes multimodal assessment methods in
conjunction with empirically-derived phenotypes. To this end, three specific aims were
pursued:
Specific Aim 1. To describe the relation between irritability and dysregulation.
Hypothesis 1. Irritability and dysregulation will be strongly positively
associated.
Specific Aim 2. To examine the association between pediatric irritability and the
RDoC constructs of frustrative non-reward, acute threat, and cognitive control.
Hypothesis 2a. RDoC constructs of frustrative non-reward, acute threat
and cognitive control will predict irritability symptoms, both additively
and independently.
Hypothesis 2b. Cognitive control will have a moderating effect on the
relations between frustrative non-reward and acute threat and irritability.
Specific Aim 3. To examine phenomenological differences in the mechanisms
associated with irritability between children with and without dysregulation.
Hypothesis 3. The mechanisms associated with irritability will differ
between children with dysregulation and those without dysregulation.
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CHAPTER 2: METHODS AND MATERIALS
Participants
Participants were 294 youth aged 7-17 years (M=10.94, SD=2.41; 67% boys). All
children were accompanied by at least one caregiver (86% biological mothers) and 48%
had a sibling in the study. Ninety-five percent of children identified as white, which is
consistent with the overall racial distribution of the catchment area. The majority of
families were of middle-class socio-economic status. Notably, children had somewhat
above average intelligence quotients (IQ; M=109.50, SD=14.44). In order to construct a
sample that represented a continuum of childhood emotional-behavioral difficulties,
families were recruited through clinician referrals at a university-based outpatient
psychiatry clinic as well as advertisements in the community.

Procedures
The University of Vermont Institutional Review Board approved all study
procedures. Data collection proceeded through two cross-sectional family studies
(henceforth referred to as Study 1 and Study 2). Given the similar recruitment and data
collection procedures used across both studies, data were collapsed whenever possible
(see Table 1 for details).
All data collection took place in a university laboratory setting. Prior to
participation, families were given a detailed verbal explanation of study procedures and
completed written consent and assent forms. Each family member met separately with a
trained research assistant in a quiet, private office. In both studies, caregivers completed
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interviews and online questionnaires, while children participated in computerized
behavioral tasks, psychophysiological testing and online questionnaires in a separate
room. Additionally, in Study 2, children completed an executive functioning assessment.
Task order was counterbalanced for each participant, and families were compensated $20
per hour for their participation. Data were maintained using Research Electronic Data
Capture (REDCap; Weiss, Harris, Catron, & Han, 2003).

Table 1. Recruitment and data collection procedures by study
Study 1 (N=136)
Study 2 (N=158)
Inclusionary criteria
Age range
8-13 years
7-17 years
At least one
Either two biological parents or one
Family members
parent/caregiver
biological parent and a full sibling


IQ > 70
No severe visual


impairment
Measures


CBCL


Go/No-Go Task


Emotional Faces

BRIEF-Parent

D-KEFS

Stop Signal Task

Measures
Dysregulation.
Child Behavior Checklist/ 6-18 (CBCL; Achenbach & Rescorla, 2001). The
CBCL is a 113-item caregiver-report questionnaire that assesses children’s emotional,
behavioral and social problems during the previous six months. Problem items are rated
on a three-point scale (0 = never true or not at all true, 1 = somewhat or sometimes true,
2 = very true or often true) and comprise eight factor-analytically derived syndrome
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scales that are consistent across age, informant, and culture with test-retest reliabilities
ranging from 0.74 to 0.95 and Cronbach alphas ranging from 0.79 to 0.97 (Achenbach &
Rescorla, 2001). Dysregulation was characterized by the Dysregulation Profile (DP), a
widely used and reliable measure of broad self-regulatory problems formed of items from
the Anxious/Depressed (AD), Attention Problems (AT), and Aggressive Behavior (AG)
syndrome scales (Rescorla, Blumenfeld, Ivanova, & Achenbach, 2018). Because the
majority of caregivers in this study were mothers, maternal report was used whenever
possible to enhance consistency. However, as previous research has shown DP invariance
across parents, paternal report was used for 24 participants for whom maternal report was
unavailable (Deutz, Geeraerts, van Baar, Deković, & Prinzie, 2016a).
Non-episodic irritability.
Kiddie Schedule for Affective Disorders and Schizophrenia- Present Lifetime
Version (K-SADS-PL; Kaufman et al., 1997). All children and their parents were
administered the K-SADS-PL by graduate- or doctoral-level clinicians trained to
reliability. The K-SADS-PL is a semi-structured interview that assesses DSM-IV criteria
for affective, behavioral, anxiety, and substance use disorders. Additionally, a module for
Severe Mood Dysregulation (SMD; see Appendix B), the provisional research criteria
upon which DMDD was developed, was appended to the interview to assess problems
with chronic irritability and temper outbursts (Leibenluft, Charney, Towbin, Bhangoo, &
Pine, 2003). Diagnoses were reviewed, and uncertainties were resolved through
consensus meetings with all interviewers, including three board-certified child and
adolescent psychiatrists. For each participant, an irritability score was calculated by
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summing the total number of symptoms and impairment items endorsed on the SMD
module, yielding a symptom count ranging between 0 and 20.
Frustrative non-reward.
Go/No-Go (Lamm & Lewis, 2010; Lamm, Zelazo, & Lewis, 2006). Frustrative
non-reward was assessed using a computerized emotion-induction Go/No-Go task.
Participants were instructed to press a button on a controller as quickly as possible each
time a letter was presented on the screen (go signal), but to withhold the button press if
the same letter was repeated twice in a row (no-go signal). Additionally, they were told
that by earning “a lot of points,” they would receive “the big prize” (a $10 gift certificate
to a toy or book store), but that too few points would result in the “small prize” (a small
box of crayons).
The task consisted of three blocks: baseline, frustration-induction, and
recovery. If the participant failed to quickly press the button on a prepotent go trial or
withhold the button press on a no-go trial, a red bar appeared on the screen, indicating
that an error had been committed. Additionally, the total number of points accrued was
displayed every 5- 25 trials with point increases presented in green text and “tinkling”
sound, and decreases appearing in red text with a buzzer tone. During the baseline block,
the stimulus duration was set, such that participants steadily gained points. However,
during the frustration-induction block, the stimulus duration was accelerated resulting in
a consistent loss of points until few or no points remained. The recovery block was
identical to the baseline block, and participants gradually regained their points to earn the
“big prize.” In order to achieve a comparable level of difficulty across participants, the
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stimulus duration was adjusted dynamically, such that the rate of incorrect no-go trials
was held constant at 50% (+/-10%). Following each block, participants reported their
subjective level of frustration on visual analog scale from 1 (not at all frustrated) to 5
(extremely frustrated). Performance accuracy was computed separately for each block by
averaging the percentage of correct go and no-go trials.
Heart rate variability. During the Go/No-Go task, electrocardiogram and
thoracic impedance data were continuously recorded (1000 samples per second) using the
Vrije Universiteit-Ambulatory Monitoring System (VU-AMS) Version 3.5 (de Geus,
Willemsen, Klaver, & van Doornen, 1995). This lightweight and portable device was
attached to participants via seven adhesive electrodes placed on the back, chest and
abdomen. After extracting the data, R-peaks were visually inspected by two trained,
independent coders and movement-related noise was removed. Recordings were divided
into three blocks that temporally corresponded with the baseline, frustration-induction
and recovery blocks of the Go/No-Go task.
Pre-ejection period (PEP) during the frustration-induction block was used to
measure the influence of the sympathetic nervous system (SNS; responsible for
mobilizing the body’s resources in response to threat) on cardiac function (Porges, 2007).
PEP reflects ventricular contractility and is defined as the interval from the onset of left
ventricular depolarization to the opening of the aortic valves (Sherwood et al., 1990;
Willemsen, DeGeus, Klaver, VanDoornen, & Carrofl, 1996). Shorter PEP intervals
indicate greater activation of the SNS.
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Respiratory sinus arrhythmia (RSA) during the frustration-induction block, on the
other hand, was used to describe the influence of the parasympathetic nervous system
(PNS; responsible for dampening stress responses and maintaining homeostasis) on
cardiac function (Beauchaine et al., 2013; Berntson, Cacioppo, & Quigley, 1993; Porges,
2007). RSA scores reflect heart rate variability synchronized with respiration and were
calculated using the peak-valley method, such that the shortest inter-beat interval during
inhalation was subtracted from the longest inter-beat interval during exhalation (de Geus
et al., 1995; Grossman, Van Beek, & Wientjes, 1990; Yasuma & Hayano, 2004). Higher
RSA scores indicate greater activation of the PNS.
Acute threat.
Emotional Faces. The Emotional Faces paradigm was adapted from Blair and
colleagues (2001) and used faces from the Pictures of Facial Affect Series (Ekman,
1976). These images have been studied extensively and the emotions displayed in the
images have been shown to be highly recognizable and consistent across cultures (Biehl
et al., 1997; Matsumoto & Ekman, 1989). For the purposes of this study, prototypical
images of four emotions (happy, disgusted, scared and angry) portrayed by four white
adult actors (two males and two females) were selected. Then, in order to create more
subtle expressions of each emotion, protypical images were blended with neutral images
of the same actor using FantaMorph software (Abrosoft, 2002). As illustrated in Figure 1,
this procedure yielded 40%, 60% and 80% levels of expression for each emotion.
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0%(neutral)

40%

60%

80%

100%(protypical)

Figure 1. Levels of expression generated by morphing neutral and prototypical images.

During the task, participants viewed a face on a computer screen for five seconds
(Figure 2a). Then, the text happy, angry, scared and disgusted appeared around the face
(Figure 2b). Participants were given five additional seconds to indicate, using a
controller, the emotion that best described the face on the screen. After successful
completion of a training block, participants completed four counterbalanced tasks
blocks, each containing 17 faces presented in random order. Each block contained all
combinations of emotion and expression level as well as one neutral face.

(a)

(b)

Figure 2. Example trial from Emotional Faces paradigm
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Emotion identification accuracy (EIA)—operationalized as the percentage of
trials (excluding neutral faces) in which the emotion was correctly recognized by the
participant—was calculated for each emotion. In order to describe differences in
participants’ interpretation and recognition of threatening versus non-threatening facial
stimuli, a difference score reflecting the difference in EIA between trials presenting
angry faces and trials presenting all other emotions was computed.
Eye movement measures. An Eyelink 1000 eye-tracker/ pupilometer was used to
measure eye movements and pupil size and reactivity throughout the Emotional Faces
task (SR Research Ltd., 2002). The infrared system uses dark pupil technology to
calculate the center of the pupil and the first Purkinje image (a reflection off the front of
the cornea) to calculate gaze position and pupil size at a sampling rate of 1000 Hz.
Participants were seated in front of the computer screen at a distance of 63cm from the
camera with their heads stabilized by a table-mounted chin rest. Prior to beginning the
task, the camera was calibrated for each participant until the spatial error on all parts of
the screen was 1° or less. Drift corrections were performed after each trial in order to
account for differences between fixations computed during calibration and the current
target. After completion of the Emotional Faces task, data files were extracted and
interest area regions were superimposed around the eyes, nose, mouth, forehead and
emotion words for each face (Figure 3).
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In order to assess differences in visual attention and processing between
threatening and non-threatening stimuli, difference scores between angry and all other
faces were computed for the following measures:2
Dwell time on internal facial features. Dwell time reflects the duration (in
milliseconds) that a participant’s gaze remains fixated on a specific area or object
(Becker, 2011). For the purposes of this study, mean dwell time specifically on the eyes,
nose and mouth regions was calculated. Longer dwell times on these internal facial
features reflect more efficient facial scanning and are associated with higher levels of
recognition (Heisz & Shore, 2008).
Initial fixation latency. Defined as the amount of time (in milliseconds) between
the onset of a face and the first fixation within an interest area region, the initial fixation
latency provides an index of noticing time (Heisz & Shore, 2008; Wickens & McCarley,
2008). Shorter latencies are associated with directed gaze, whereas longer latencies
indicate more averted gaze (Palanica & Itier, 2011).
Pupil size. Variations in pupil diameter (in abitrary units) are a non-conscious,
physiological indicator of emotional arousal. More specifically, the release of
norephenerine in the SNS causes pupil size to increase in response to states of
heightened emotion (Bradley, Miccoli, Escrig, & Lang, 2008).

2

Due to the appearance of emotion words in the second half of each trial drawing attention from
the facial image, these measures were computed based on only first half of each trial.
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Figure 3. Interest area regions
Cognitive control.
Behavioral Rating Inventory of Executive Function – Parent Report Version
(BRIEF; Gioia, Isquith, Guy, & Kenworthy, 2000). The BRIEF is a standardized,
parent-report rating scale of children’s executive function that contains 86 items
measured on a three-point scale (1=never, 2 =sometimes, 3= often). The BRIEF has been
empirically validated for children ages 5 through 18, including those with various
psychiatric disorders. The items comprise eight specific clinical scales and two broader
indices, each with Cronbach alphas ranging from 0.94 to 0.96. For the purposes of this
study, the Behavioral Regulation Index (BRI) was selected, as this scale encompasses
executive control over both behavior (e.g., managing impulses, changing tasks, and
adapting to new situations), and emotions (e.g., emotional expression). Higher t-scores
indicate more problems in these areas as compared with same-age and same-sex peers.
Stop Signal Task (SST; Logan, Cowan, & Davis, 1984; Logan, Schachar, &
Tannock, 1997). The SST is a widely used measure of executive function, specifically,
attentional, inhibitory and self-monitoring processes. In this paradigm, Xs and Os were
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displayed on the screen for one second. Each letter was preceded by a 500ms fixation
screen. Participants were instructed to press a corresponding key on a keyboard as
quickly as possible (go trials). Occasionally, a tone was presented during the trial, a
signal to withhold the button press (stop trials). Initially, the tone was set to occur 250ms
after the presentation of the letter on the screen. The delay of the tone was dynamically
adjusted in accordance with participants’ performance, such that successful inhibition of
the button press resulted in a 50ms delay increase and failure to inhibit decreased the
delay by 50ms. This algorithm was designed to maintain participants’ overall rate of
successful inhibitions at 50% (+/-15%). For each participant, stop signal reaction time
(SSRT) was calculated by subtracting the mean delay of the stop signal from the mean
choice reaction time on go trials. The SSRT represents the speed of inhibition, with lower
values indicating greater cognitive control.
Delis-Kaplan Executive Function System – Tower Task (D-KEFS – Tower;
Delis, Kaplan & Kramer, 2001). The Tower subtest of the D-KEFS is a standardized
assessment that measures various aspects of executive functioning, including problem
solving, planning and organization in addition to inhibitory control and rule-following in
children (Gandolfi, Viterbori, Traverso, & Usai, 2014; Yochim, Baldo, Kane, & Delis,
2009) In this task, participants attempted to build a series of nine increasingly difficult
towers using a three-peg base with five different-sized disks. Prior to the construction of
each tower, the researcher arranged the disks in a specific manner, then showed the
participant an image of the tower to be recreated. Participants were informed that the
objective was to make as few moves as possible and to complete the tower within an
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allotted amount of time (between 30 and 240s). Additionally, they were not permitted to
move more than one piece at a time or place a larger disk on top of smaller disk. A total
achievement score (TAS), reflecting the speed and accuracy of tower construction, was
calculated for each participant. TAS values ranged from 0 (worst) to 30 (best).
Covariates. Child age, sex, SES and IQ were included as covariates. Age, sex
and SES were derived from the demographics section of the CBCL. SES was determined
by parental occupation and scored between 0 (lowest) and 100 (highest) in accordance
with the Hollingshead (1975) codes. Full Scale IQ was approximated based on scores
from the Vocabulary and Matrix Reasoning subtests of the Wechsler Abbreviated Scale
of Intelligence –Second Edition (WASI –II; Weschler, 2011).

Data Analytic Strategy
Overview. Main statistical analyses were conducted using MPlus version 8
(Muthén & Muthén, 2017). Unless otherwise noted, age, sex, SES and IQ were included
as covariates, and familial clusters were embedded within models to account for nonindependence of sibling pairs. Statistical significance was defined as alpha values of less
than .05, and the following criteria were used to evaluate the fit of measurement and
structural models: Root Mean Square Error of Approximation (RMSEA; .08 =
acceptable, .05 = good), Comparative Fit Index (CFI; .90 = acceptable, .95 = good),
Tucker-Lewis Index (TLI; .90 = acceptable, .95 = good) and Standardized Root Mean
Square Residual (SRMR; .08 = good). 2 statistics were also examined; however, due
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to bias towards statistical significance in large samples and complex models, this was
considered a less reliable index of model fit.
Preliminary analyses. Descriptive statistics and bivariate, zero-order correlations
among primary study variables were computed. Additionally, proportions and
mechanisms of missingness were examined in order to determine if data were missing at
random and, thus, suitable for analysis with estimators robust to non-normality, such as
full information maximum likelihood (FIML) and weighted least squares (WLSMV).
Measurement models.
Dysregulation profile. Based on current measurement standards in the field as
well as prior work in our laboratory, a bifactor model was selected as the primary method
of measuring dysregulation. Bifactor models are an extension of traditional confirmatory
factor analytic (CFA) techniques and are valuable for representing constructs that are
comprised of multiple distinct, yet related, facets (e.g., psychopathology, intelligence).
Bifactor models specify both a general factor, which accounts for covariance among
items as well as specific factors that account for unique variance over and above the
general factor (Chen, Hayes, Carver, Laurenceau, & Zhang, 2012). As depicted in Figure
4, the bifactor model of dysregulation consists of a general dysregulation factor (DP),
which accounts for significant covariance between problem items from the AD, AT and
AG syndrome scales of the CBCL. In addition, the model specifies three scale-specific
factors that account for unique variance in the AD, AT, and AG domains, over and above
the general DP factor. In order to enhance consistency with previous studies, all factors
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were set orthogonal to each other and CBCL items were dichotomized, such that 0 = not
present 1= present.
While the bifactor model is especially useful for exploring the
multidimensionality of dysregulation, the clinical utility of this approach is limited
(Deutz et al., 2018a). Therefore, a latent class analysis (LCA) of dichotomized items
from the AD, AT and AG syndrome scales was also performed in order to identify
mutually exclusive groups, or classes, of phenotypically similar children (Goodman,
1974). Models estimating one through seven latent classes were performed iteratively.
Model fit was evaluated based on commonly accepted fit indices, including Bayesian
Information Criteria (BIC), Vuong-Lo-Mendell-Rubin Likelihood Ratio Test (VLMR)
and Bootstrap Likelihood Ratio Test (BLRT), in conjunction with substantive meaning
and theory.
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Figure 4. Bifactor model of dysregulation adapted from Deutz et al. (2016)

Frustrative non-reward. In order to test whether performance accuracy, selfreported frustration, and heart rate variability during the frustration-induction block of the
Go/No-Go task conformed to a single factor of frustrative non-reward, the CFA model
depicted in Figure 5 was conducted. Error terms between RSA and PEP were correlated
to account for shared method variance. Fit statistics, factor loadings and modification
indices were examined, and the model was re-specified accordingly.
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Figure 5. Proposed one-factor model of frustrative non-reward

Acute threat. Using the same CFA procedure described above, a one-factor model
of acute threat was tested based on observed differences in emotion identification
accuracy, pupil size, and eye movement patterns between threatening and non-threatening
faces. Figure 6 shows the indicators included in the initial model. Error terms for initial
fixation latency and dwell time were allowed to correlate.
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Figure 6. Proposed one-factor model of acute threat

Cognitive control. Lastly, as shown in Figure 7, a one-factor CFA of cognitive
control, with BRI, SSRT and Tower TAS scores as indicators, was tested.

Figure 7. Proposed one-factor model of cognitive control
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Alternative measurement approaches. In order to address issues with model fit
and identification for the CFA models of RDoC constructs, exploratory factor analysis
(EFA) was employed to guide the specification of subsequent exploratory structural
equation models (ESEM). Unlike CFA, both EFA and ESEM approaches allow
indicators to cross-load onto non-target factors, thereby providing a more realistic
representation of data (Marsh, Morin, Parker, & Kaur, 2014; Tóth-Király, Bõthe, Rigó, &
Orosz, 2017).

Structural Models
Specific Aim 1. In order to empirically describe the associations between
irritability and dysregulation, irritability scores were analyzed in relation to both the
bifactor and latent class models of dysregulation. First, irritability scores were regressed
onto the general DP factor as well as the specific AD, AT, and AG factors of the bifactor
model. Second, after determining the best-fitting latent class model, a three-step approach
using the Bolck-Croons-Hagenaars (BCH; 2004) method was employed to estimate mean
irritability scores for each latent class. This approach was advantageous as it allowed for
estimation of a distal outcome while accounting for classification uncertainty
(Asparouhov & Muthén, 2014). Finally, a Wald Chi-Squared test was conducted to test
for differences in irritability scores across latent classes.
Specific Aim 2. Next, in order to describe the relations between the RDoC
constructs of frustrative non-reward, acute threat and cognitive control, irritability scores
were regressed onto the best-fitting measurement models of these constructs.
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Multi-Group Invariance Testing
Specific Aim 3. The final aim sought to test phenomenological differences in the
mechanisms associated with irritability between children with and without dysregulation.
In order to test this question, structural invariance of the best fitting model of the relations
between RDoC constructs and irritability across latent class assignment was attempted.
Structural invariance assesses for substantive differences in structural aspects of the
model, such as factor variance, covariance, means, and path coefficients, by iteratively
constraining each of these parameters to be equal across groups (Little, 1997). However,
as a prerequisite for testing structural invariance, equivalence needed to first be
demonstrated for the best-fitting measurement models corresponding with each proposed
RDoC construct. As such, tests of configural (i.e., equivalent factor structure), metric
(i.e., equivalent factor loadings) and scalar (i.e., equivalent item intercepts) invariance
were pursued sequentially.
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CHAPTER 3: RESULTS
Preliminary Analyses
Descriptive statistics and bivariate correlations. Descriptive statistics and
bivariate correlations for primary study variables are presented in Tables 2 and 3,
respectively. Notably, none of the indicators for the proposed constructs of frustrative
non-reward or cognitive control were significantly intercorrelated, whereas several
significant, albeit weak, associations emerged among indicators of acute threat.
Specifically, longer latencies to fixate on angry faces as compared to other emotions was
associated with less time spent dwelling on the internal facial features, yet more accurate
identification of these faces.
Missing data. Twenty-five participants (14 from Study 1 and 11 from Study 2)
were excluded due to missing CBCL data. As shown in Table 2, missing data percentages
varied from 3.72% to 16.73% with a mean of 9.32%. Review of data collection records
indicated that technological malfunction, participant noncompliance, excessive
movement and/or experimenter error were primary mechanisms of missingness.
Therefore, data were treated as missing at random and maximum likelihood estimators
robust to non-normality were used for all subsequent analyses.
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Table 2. Missing data and descriptive statistics for primary study variables

Irritability score
Frustration
% Accuracy
RSA
PEP
EIA
Initial fixation
Dwell time
Pupil size
BRI
SSRT
Tower TAS

N (%
258 (4.09)
missing)
259 (3.72)
245 (8.92)
224 (16.73)
224 (16.73)
225 (16.36)
254 (5.58)
254 (5.58)
254 (5.58)
139 (5.44)
123 (16.32)
137 (6.80)

M
9.64
3.28
56.97
76.87
56.02
-0.12
-1.27
-6.66
30.02
57.79
247.58
10.45

SD
6.27
1.27
4.80
41.58
34.29
0.20
17.46
268.42
55.11
15.71
117.11
3.35
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Skewness
0.62
-0.11
-0.16
1.73
0.84
-0.57
0.98
8.56
0.16
0.57
0.97
-1.55

SE
0.15
0.15
0.16
0.16
0.16
0.16
0.15
0.15
0.15
0.21
0.22
0.21

Kurtosis
-0.33
-1.08
2.49
4.60
2.89
0.58
9.40
118.22
1.06
-0.49
-0.46
3.28

SE
0.30
0.30
0.31
0.32
0.32
0.32
0.30
0.30
0.30
0.41
0.41
0.41
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Measurement Models
Dysregulation.
Bifactor model. The bifactor model of dysregulation showed excellent fit to the
data (χ2 = 1102.14, df=886, p<.0001; RMSEA=0.03 [90% CI: 0.03 – 0.04]; CFI= 0.97;
TLI=0.97). As detailed in Table 4, all problem items loaded significantly onto the
general DP factor (λ range: 0.47-0.93; M= 0.69), whereas scale-specific loadings were
significant, albeit generally of smaller magnitude, for 32 of the 43 problem items (λ
range: 0.24-0.66; M=0.48). Higher scores on the general DP factor were associated with
younger age (β=-0.30, p<.001), lower IQ (β=-0.24, p<.001) and lower SES (β=-0.21,
p=.001). Additionally, being male predicted higher scores on the AG specific factor (β = 0.35, p<.001) and lower IQ scores were associated with higher AT specific factor scores
(β<-0.21, p=.004).
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Table 4. Standardized loadings for general and specific factor of the bifactor model
CBCL Item
Anxious-Depressed
14. cries
29. fears
30. fears school
31. fears doing bad
32. needs to be perfect
33. feels unloved
35. feels worthless
45. nervous
50. fearful
52. guilty
71. self-conscious
91. talks of suicide
112. worries
Attention Problems
1. acts too young for age
4. fails to finish tasks
8. trouble concentrating
10. trouble sitting still
13. confused
17. daydreams
41. impulsive
61. poor school work
78. inattentive
80. stares blankly
Aggressive Behavior
3. argues
16. mean to others
19. demands attention
20. destroys own things
21. destroys others’ things
22. disobedient at home
23. disobedient at school
37. fights
57. attacks
68. screams
86. stubborn
87. sudden mood changes
88. sulks
89. suspicious
94. teases
95. hot temper
97. threatens others
104. loud

Scale-Specific Loading

DP Loading

0.13
0.42***
0.50***
0.53***
0.71***
0.31***
0.49***
0.35***
0.59***
0.63***
0.49***
0.25*
0.64***

0.68***
0.60***
0.58***
0.55***
0.36**
0.77***
0.71***
0.86***
0.71***
0.58***
0.61***
0.66***
0.55***

0.25**
0.46***
0.64***
0.42***
0.43***
0.51***
0.33***
0.47***
0.61***
0.52***

0.68***
0.79***
0.69***
0.76***
0.58***
0.54***
0.73***
0.59***
0.72***
0.55***

0.18
0.66***
0.07
0.45***
0.63***
0.24**
0.29**
0.43***
0.40***
0.01
-0.06
-0.12
0.11
0.16
0.44**
0.10
0.68***
-0.04

0.86***
0.53***
0.84***
0.68***
0.63***
0.83***
0.70***
0.69***
0.74***
0.89***
0.93***
0.85***
0.74***
0.81***
0.60***
0.93***
0.65***
0.74***

Note. * p<.05, **p<.01, ***p<.001

35

Latent class analysis. Fit indices for candidate LCA models are provided in
Table 5. The BIC was lowest for the four-class solution; however, the VLMR was nonsignificant, indicating that four classes did not fit the data significantly better than three
classes. Thus, a three-class solution was selected for subsequent analyses. Class 1
(41.33% of the sample) represented a pattern of high probabilities of endorsement for
AD, AT, and AG items and was characterized as the dysregulation profile (DP) class.
Class 2 (30.51%) demonstrated low probabilities of endorsement for AD items, and
moderate-to-high probabilities of endorsement for AT and AG items and was therefore
labelled as the predominantly-externalizing class. Finally, Class 3 (28.16%) was
characterized by low probabilities of endorsement for all items and was labelled as the
low-symptom class (Figure 8).

Table 5. Fit indices for candidate latent class models
# of

Log Likelihood

BIC

Entropy

VLMR p-value

1

-6823.48

13876.32

n/a

n/a

2

-5474.80

11413.96

0.97

<.001

3

-5166.77

11032.87

0.95

.0043

4

-5040.90

11016.12

0.94

.467

5

-4934.43

11038.15

0.96

.165

6

-4842.58

11089.43

0.96

.398

7

-4776.40

11192.05

0.97

.629

classes
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Figure 8. Conditional probabilities of item endorsement for each latent class

Research Domain Criteria constructs.
Confirmatory factor analysis. Tables 6 and 7 provide model fit indices and
standardized factor loadings for the CFA models of frustrative non-reward, acute threat,
and cognitive control. First, for the construct of frustrative non-reward, the proposed
model initially failed to converge. As such, the model was re-specified with covariates
excluded. Although this modification resolved problems with non-convergence, the
resulting model was just-identified, and, therefore, model fit information was unavailable.
Nonetheless,
low factor loadings (i.e., < 0.30) for three out of the four indicators suggested that the
proposed model of frustrative non-reward did not adequately fit the data.
Next, the CFA for acute threat was estimated, which resulted in significant
negative residual variance for initial fixation latency (ε=0.01, p=.045). This was
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addressed by excluding three cases that constituted multivariate outliers (defined by a
Mahalanobis distance p-value <.001). Although residual variance remained negative for
initial fixation latency, it was no longer statistically significant (ε<0.01, p=.087), and
thus, constrained to zero. With the exception of RMSEA, fit indices suggested that the
proposed model of acute threat had good overall fit to the data. This was further
supported by statistically significant factor loadings of moderate or high magnitude for all
indicators.
Finally, the model of cognitive control was estimated. Generally poor model fit
indices, together with low, non-significant factor loadings for two out of three proposed
indicators, suggested that the observed variables were not strong indicators of the latent
construct of cognitive control.
Exploratory factor analysis/ structural equation modeling. Due to the various
problems encountered in the estimation of RDoC constructs using CFA techniques, an
EFA testing one- through three-factor models was conducted. Examination of the scree
plot, together with considerations of interpretability, theory and statistical guidelines,
resulted in the extraction of two factors. This two-factor model was further refined using
an ESEM approach, which allowed for the inclusion of covariates as well as correlated
error terms. The ESEM was first performed with all indicators; however, in order to
enhance factor definition and interpretability, EIA was dropped from the model due to its
moderate to low, yet statistically significant, cross-loadings (i.e., Factor 1=0.49, p<.001;
Factor 2= 0.22, p=.002)
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The final ESEM model excluding EIA fit to the observed data well. As shown in
Figure 9, Factor 1 consisted of significant positive loadings for dwell time, initial fixation
latency, pupil size, and cardiac PEP. As such, this factor was interpreted as a sympathetic
nervous system (SNS) response to negatively-valenced emotion factor (hereafter
abbreviated as SNS response). Higher scores on this factor reflected greater physiological
response to anger and frustration. Of note, the positive loading for PEP was in the
opposite direction as expected; however, given previous evidence for lengthened PEP
values in clinical samples, the indicator was retained (Cicchetti, 2016). Factor 2, on the
other hand, consisted of significant positive loadings for SSRT, BRI, and a negative
loading for Go/No-Go performance accuracy and was accordingly interpreted as a factor
of cognitive dyscontrol of emotion, with higher scores representing greater difficulty
employing executive function processes to regulate emotions (e.g., shifting attention,
changing meaning of stimuli).

Table 6. Fit indices for CFA, EFA and ESEM models of RDoC constructs
χ2

df

RMSEA (90% CI)

CFI

TLI

SRMR

0.13

1

<0.01 (0.00-0.11)

1.00

1.00+

0.01

Acute Threat CFA

42.40**

14

0.09 (0.06-0.12)

0.99

0.99

0.04

Cognitive Control CFA

29.89**

8

0.14 (0.09-0.19)

0.66

0.37

0.08

1-Factor EFA †

77.31**

44

0.05 (0.03-0.07)

0.99

0.99

0.11

2-Factor EFA †

61.70**

34

0.05 (0.03-0.07)

0.99

0.99

0.07

3-Factor EFA †

29.90

25

0.03 (0.00-0.06)

1.00

1.00

0.04

2-Factor ESEM

110.92**

70

0.05 (0.03-0.06)

0.98

0.98

0.08

80.09*

58

0.04 (0.01-0.06)

0.99

0.99

0.06

Model
Frustrative non-reward CFA†

2-Factor ESEM (w/o EIA)

Note. † = models estimated without covariates; + = truncated out-of-range value; * p<.05, **p<.0
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Figure 9. Standardized factor loadings and residual variances for final two-factor ESEM
model

Note. * p<.05, **p<.01, *** p<.001

Structural Models
Specific Aim 1. In order to test the hypothesis that dysregulation and irritability
are positively associated, irritability scores were regressed onto the general DP factor as
well as the specific AD, AT, and AG factors from the bifactor model. The overall model
showed excellent fit to the data: 2 = 1121.70, df= 849, p<.0001; RMSEA=0.04 (90% CI:
0.03 – 0.04); CFI=0.96, TLI=0.96. The general DP factor emerged as the only significant
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predictor of irritability (β= 0.53, p<.0001), indicating that the AD, AT, and AG domains
did not uniquely explain variance in irritability symptoms over and above DP.
Similar effects were detected when irritability was examined in relation to latent
class assignment. More specifically, there was a rank-order association between latent
class and mean irritability scores, such that the DP class had the most severe irritability
symptoms (M= 13.51, SE= 0.69), followed by the predominantly externalizing class (M=
8.17, SE= 0.63), and finally, the low-symptom class (M=6.34, SE=0.52). Wald χ2 tests
indicated that all class differences were statistically significant (Overall: [df=2]: χ2 =
62.45, p<.001; DP vs. predominantly externalizing: χ2 = 26.97, p<.001; DP vs. lowsymptoms: χ2 = 62.17, p>.001; predominantly externalizing vs. low-symptoms: χ2 =
5.02, p=.025).
Specific Aim 2. To assess the effects of SNS response and cognitive dyscontrol
of emotion on irritability, irritability scores were regressed on the two-factor ESEM
model shown in Figure 9. The overall model yielded acceptable fit to the data (χ2 =
160.30, df=70, p<.0001; RMSEA = 0.07 [90% CI: 0.06 – 0.09]; CFI=0.96; TLI=0.94,
SRMR=0.07). Results showed a negative relationship between SNS response (β= -0.26,
p<.005) and irritability, suggesting that more blunted SNS responses predicted higher
levels of irritability symptoms. Additionally, higher levels of cognitive dyscontrol of
emotion were associated with increased irritability (β=0.26, p<.023).
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Multi-group Invariance Testing
Specific Aim 3. A multiple-group ESEM was employed in order to test
measurement invariance in the constructs of SNS response and cognitive dyscontrol of
emotion across the three latent classes. The initial test of configural invariance failed to
converge due to the number of parameters estimated exceeding the number of
observations in the predominantly externalizing group. As such, the predominantly
externalizing and low-symptoms classes were collapsed to represent a single not
dysregulated group, which was subsequently compared with the DP class. The twofactor ESEM model fit acceptably well for both the DP (χ2 = 118.47, df=72, p=.0005;
RMSEA = 0.08 [90% CI: 0.06 – 0.11]; CFI=0.97; TLI=0.96, SRMR=0.11) and not
dysregulated groups (χ2 = 138.47, df=72, p<.0001; RMSEA = 0.08 [90% CI: 0.06 –
0.10]; CFI=0.99; TLI=0.99, SRMR=0.10), supporting configural invariance. Next,
factor loadings were constrained across groups in order to assess metric invariance.
However, due to unresolvable problems with model convergence at this step, tests of
measurement and structural invariance were discontinued.

Follow-up Analyses
Moderation. Given the practical limitations related to testing the measurement
and structural equivalence of highly exploratory and multidimensional constructs within a
relatively small sample, moderation analyses were pursued as an alternative means of
exploring phenomenological differences in irritability and addressing the final aim of this
study. It should be noted that this approach assumes equivalence in the latent constructs
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of SNS response and cognitive dyscontrol of emotion, and thus, findings should be
interpreted cautiously.
First, SNS response was examined as a possible moderator of the significant
relationship between DP and irritability identified in Specific Aim #1. The bifactor model
was selected to measure DP in order to examine the linear associations with DP while
controlling for the effects of AD, AT, and AG. Multiple regression was utilized in order
to estimate the effects of the interaction term between the general DP factor and meancentered SNS response factor scores when controlling for the effects of AD, AT, AG, DP
and SNS response. This procedure was repeated with cognitive dyscontrol of emotion as
the moderator variable.
Results identified a significant moderating effect of SNS response (β=0.05,
p=.024), but not cognitive dyscontrol of emotion, on the relationship between DP and
irritability. The first-order effects of DP (β=0.50, p<.001) and SNS response (β=-0.89,
p<.001) remained significant in this model. Follow-up simple slope analyses were
conducted in order to explore the nature of the interaction between SNS response and DP.
Based on the recommendation of Aiken and West (1991), values of one standard
deviation above and below the means for SNS response and DP were selected. Figure 10
illustrates that, irritability symptoms generally increase as a function of DP; however, this
relationship was especially strong at low levels of SNS response, indicating that blunted
sympathetic responses to negatively-valanced emotion may be a risk factor for more
severe irritability symptoms among children with moderate to high levels of
dysregulation.
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Figure 10. Relations between dysregulation and irritability at high,
moderate and low levels of sympathetic nervous system response

Measuring RDoC constructs with observed data. Since the distinct RDoC
constructs of frustrative non-reward, acute threat, and cognitive control were not
empirically supported by the current study, a follow-up analysis was conducted to assess
the relations between observed indicators of each construct and irritability. First, an
exemplary measure was selected to represent each construct based on similitude with
measures of the construct explicitly listed within the RDoC matrix. Specifically,
frustrative non-reward was represented by RSA scores during frustration3, acute threat
was measured by dwell time on core facial regions 4, and cognitive control was assessed

The “parasympathetic nervous system” is listed as a measure of frustrative non-reward at the “circuit”
level of analysis.
4
“Eyetracking” is listed in the RDoC matrix as a measure of acute threat at the “physiology” level of
analysis.
3
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using SSRT5. Multiple regression was used to simultaneously estimate the effects of each
of these exemplary measures, along with covariates, on irritability scores. While the
overall model was significant (p=.028), explaining 8% of the variance in irritability
symptoms, sex emerged as the only independently significant predictor of irritability (β=0.21, p=.014), such that being male was associated with higher levels of irritability
symptoms.
Next, an empirical approach was utilized to select observed variables to represent
each RDoC construct. That is, the highest loading indicators were selected from the CFA
models of frustrative non-reward, acute threat and cognitive control tested in the
measurement portion of the study. This approach resulted in a regression model in which
self-reported frustration (frustrative non-reward), pupil size (acute threat), and SSRT
(cognitive control) predicted irritability. The overall model was not statistically
significant and none of the individual predictors exerted a significant effect on irritability
symptoms. Due to the absence of main effects of RDoC constructs as measured by
observed data on irritability, moderation analyses were not pursued.
Emotion identification accuracy. Finally, because EIA was not retained in the
final ESEM model of SNS response and cognitive dyscontrol of emotion, a multiple
regression was performed in order to examine possible effects of EIA on irritability that
had been captured by previous analyses. The model was not statistically significant,
indicating that the observed differences in EIA between angry and other emotional faces
did not significantly predict irritability symptoms.

5

“Stop signal reaction time” is listed in the RDoC matrix as a “paradigm” measuring cognitive control.
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CHAPTER 4: DISCUSSION
Summary of Main Findings
This study represents a unique attempt to characterize the phenomenological
continuities and discontinuities between childhood dysregulation and other related forms
of developmental psychopathology by examining the mechanisms associated with nonepisodic irritability, a proposed hallmark symptom of dysregulation. In order to achieve
this, the relations between dysregulation and irritability were first examined. As
hypothesized, symptoms of dysregulation and non-episodic irritability were strongly,
positively related. Next, the relations between irritability and several previously
implicated RDoC mechanisms were explored. Due to a lack of demonstrated construct
validity for these hypothesized RDoC constructs of frustrative non-reward, acute threat,
and cognitive control, two alternative mechanisms—SNS response and cognitive
dyscontrol of emotion—were derived from the data. Results indicated that blunted
sympathetic responsivity and poor executive control in response to emotion were both
predictive of more severe irritability symptoms. Finally, to address the primary research
question concerning the extent to which these mechanisms of irritability reflect
homogeneous, transdiagnostic processes, differences in the relations between
dysregulation and irritability were examined across levels of SNS response and cognitive
dyscontrol of emotion using moderation analyses. Results yielded partial support for the
existence of phenomenological differences in the mechanisms associated with irritability
between children with and without dysregulation. In particular, among highly
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dysregulated children, low levels of sympathetic response were associated with more
severe irritability symptoms.
Taken together, the results of this study provide empirical support for the widely
assumed, unique relationship between dysregulation and irritability. Furthermore, it
suggests that blunted responses of the SNS in response to negative emotion may
contribute to this connection.

Comments on the Measurement and Development of the RDoC Constructs
Despite not being a primary aim of this study, the problematic factor structure of
the proposed RDoC constructs was a noteworthy result, particularly given that the
measures and indicators used to represent these phenomena were supported by both
theory and evidence. In fact, acute threat, which was arguably the methodologically
weakest construct in this study due to its use of repurposed data—was curiously the only
construct that achieved acceptable fit.
There are several possible explanations for these unanticipated results. First,
poorly fitting models may reflect limitations in the statistical approaches utilized in this
study. That is, factor analytic techniques have been well-established for purposes of
survey and/ or measure development; yet relatively little is known about how these
methods perform when applied to complex and multimodal data, as was the case in this
study (Boateng, Neilands, Frongillo, Melgar-Quiñonez, & Young, 2018; MacNamara &
Phan, 2016; Mashin, 2010). Nevertheless, subsequent ESEM analyses in which the same
indicators were allowed to load onto multiple factors resulted in two meaningful and
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well-fitting dimensions. This suggests that the factor structure itself may have been more
problematic than the statistical methods used to integrate them.
It is very well possible that the lack of empirical support garnered for the RDoC
constructs by this study expose fundamental problems with the concepts measured.
Proponents of the RDoC initiative have argued that its bottom-up taxonomy represents a
necessary departure from the DSM-5’s reliance on so-called “putative” (or even
“fictive”) classifications of psychiatric illnesses to describe various forms of human
distress (Kozak & Cuthbert, 2016). Furthermore, from this perspective, high rates of
comorbidity among DSM-5 diagnoses are perceived as a failure to adequately “carve
nature at its joints” (Lilienfeld, 2014). While the concerns regarding the limitations of the
DSM-5 and other similar approaches are justified, the findings of the current study
suggest that the dimensional, psychobiological nature of the RDoC constructs does not
render them impervious to these same limitations.
This weakness of the RDOC framework was evidenced by the vastly superior fit
of data-driven EFA and ESEM models as compared with CFA models aimed to confirm
a priori the constructs of frustrative non-reward, acute threat and cognitive control.
Moreover, among the two empirically-derived factors, SNS response and cognitive
dyscontrol of emotion, indicators from the originally proposed RDoC constructs were
highly integrated, such that proposed physiological indicators of both frustrative nonreward and acute threat converged to form a SNS response factor, whereas a combination
of behavioral indicators from the frustrative non-reward and cognitive control models
represented cognitive dyscontrol of emotion. Similar to the way in which the DSM-5
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taxonomy is limited in its ability to represent complex psychopathology beyond assigning
multiple comorbid diagnoses, the RDoC artificially disentangles dynamically-related
biological and psychological processes in order facilitate their empirical investigation.
This raises important questions regarding how well these constructs reflect real-world
phenomena when studied in isolation. For example, although the construct of frustrative
non-reward specifically describes the emotional experience resulting from not obtaining
an expected reward, cognitive control processes are necessary in the formulation of the
expectations and goals that become blocked.
As a final comment on this topic, it is noteworthy that the procedures by which
the RDoC framework was developed closely resemble the highly criticized “expert
consensus” model used for the development and revisions of the DSM (Davies, 2017).
More specifically, RDoC leaders, M.J. Kozak and B.N. Cuthbert (2016), described the
formulation of the framework:
“An internal workgroup was created…This workgroup spent
considerable time discussing how to organize a provisional scheme…
[and]… adopted two explicit requirements for a construct to pass
muster as especially promising for RDoC purposes. First, there had to
be persuasive evidence, on the basis of prior studies from multiple
laboratories, for the validity of the construct; and second, there had to
be evidence for a neural circuit or system that implements the
psychological function described by the construct.”

In summary, although scientific evidence informs the RDoC framework, it was ultimately
created and maintained by human beings and, therefore, the systems, constructs and units
of analysis contained therein are not infallible nor any less putative than the DSM-5
taxonomy.
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Integration with Existing Literature on Irritability
Several aspects of current findings integrate well with previous investigations of
the mechanisms involved with non-episodic irritability and related problems.
Cognitive dyscontrol of emotion. First, the relationship between greater
cognitive dyscontrol of emotion and irritability identified in this study converged with
past research that has implicated executive functioning deficits in the etiology of
emotional problems among dysregulated children. For example, poor attentional control
is thought to contribute to mood problems insofar as the inability to disengage attention
from unpleasant stimuli may invoke a negative affective state. In keeping with this,
Hommer et al. (2014) found that dysregulated children attended longer to threatening
faces and that this bias was associated with more severe depressive symptoms. A very
similar study conducted by Salum et al. (2017) in a large sample of 1,872 children
reported that irritability and internalizing symptoms were jointly associated with
increased attention towards threat cues. Moreover, similar attentional patterns have been
well-documented in youth with depression, which is relevant given the longitudinal
trajectories between childhood irritability and depression during adolescence and
adulthood (Platt, Waters, Schulte-Koerne, Engelmann, & Salemink, 2017).
It should be noted that cognitive control of behavior has also been implicated in
dysregulation and irritability, with research suggesting that deficits in performance
monitoring, goal selection and response inhibition account for some of the behavioral
manifestations of irritability and dysregulation, such as aggression, hyperarousal and
temper outbursts (Adleman et al., 2011; Deveney et al., 2013; Rich et al., 2007).
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However, because these components of executive functioning were examined in the
context of emotional arousal (e.g., frustration), it was not possible to fully disentangle
these effects in the current study.
SNS response. The finding that blunted sympathetic responsiveness to negative
emotion predicted irritability, both independently and in its interaction with
dysregulation, initially appeared somewhat counterintuitive, given that activation of the
SNS is associated with “fight or flight” responses, including anger and aggression.
Indeed, it is apparent from the literature that inhibition of the PNS is a far more
commonly reported physiological profile among children with psychopathology. This
pattern indicates that the SNS dominates the PNS, leading to inadequate suppression of
emotional arousal and subsequent deficits in emotion regulation (Beauchaine et al.,
2013). However, some evidence for low arousal of the SNS also exists. For example,
Musser, Galloway-Long, Frick, and Nigg (2013) identified this pattern among youth with
concurrent ADHD and conduct problems. Additionally, children exposed to stress early
in life have been shown to have blunted sympathetic activity, which is purported to
reflect autonomic desensitization to emotional arousal (Kuras et al., 2017). Finally,
previous unpublished work from our lab has shown that dysregulated children exhibit
rigid, inflexible autonomic patterns, such that they exhibit moderate to high levels of
arousal that does not vary in accordance with environmental stress.
In consideration of these findings, several potential explanations may inform the
role of low sympathetic response in the current study. First, it is possible that, given the
chronic nature of irritability in dysregulated children, their physiology has habituated to
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persistent internal distress in a manner akin to desensitization caused by ongoing
exposure to external stress or adversity. Furthermore, because the construct was
interpreted as a sympathetic response to negatively-valenced emotion, low factor scores
suggest that exposure to anger and frustration are associated with modest physiological
alterations, but do not speak to the overall magnitude of the individual’s sympathetic
activity. As such, an alternative explanation of these findings may be that a lack of
sympathetic response to negative emotional stimuli represents rigid or ineffective
engagement the environment, which, in turn, may lead to irritability.
Finally, it should be noted that, in the majority of studies described thus far, SNS
has been measured using heart rate variability (e.g., PEP). However, the construct of SNS
response in this study was multi-modal, containing eye movement and pupillometry
measures in addition to PEP. Unfortunately, due to the paucity of studies using these
methodologies in relation to developmental, and especially externalizing,
psychopathology, there is little precedent with which the patterns observed in this study
can be integrated.

Implications
The findings of this study have made several important contributions to the
current conceptualization of non-episodic irritability and its relations to developmental
psychopathology. For at least two decades, intense and persistent irritability has been
considered a defining feature of dysregulated children’s impairment (Leibenluft, 2011a;
Singh, 2008). However, to our knowledge, this is the first study to empirically describe
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this relation. As evidence has more recently accumulated to suggest that irritability also
constitutes a clinically significant problem in other domains of developmental
psychopathology, the specificity of the symptom to dysregulation has been questioned.
The current finding that dysregulation is strongly and uniquely associated with
irritability, even when accounting for the effects of specific problem domains, lends
credence to the conceptualization of dysregulation as a unique syndrome characterized by
intense, non-episodic irritability and supports the current working nosology embodied by
DMDD. Nonetheless, the exacerbating influence of low SNS response on irritability
among dysregulated children highlights the complex processes that influence these
relations, and which will need to be described further in order to properly characterize
and develop treatments for these severely impaired children.
Furthermore, the results of this study empirically challenged two of the best
supported theories related to the underlying mechanisms of irritability. It has been widely
suggested that irritability represents aberrant responses to frustration. More recently, a
competing theory, has been proposed wherein severe irritability symptoms are thought to
reflect deficits in the processing and interpretation of threat cues. The current study
showed that exposure to both frustration and threat was associated with behavioral (e.g.,
performance accuracy) and physiological changes (e.g., PEP, dwell time). The unique
insights yielded from simultaneous examination of responses to threat and frustration
suggests that current theories may be too focused on responses to the specific type of
emotion (e.g., frustration or threat) and that irritable children may experience more broad
impairment with processing and/or tolerating negative affect. It is noteworthy that, the
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physiological responses to emotion in this study were in the opposite direction as would
have been predicted by theories of threat processing deficits, such that lower sympathetic
response to negatively-valenced emotion was associated with more severe irritability. If it
is indeed the case that irritable children have a bias towards interpreting their
environments as threatening, it is possible that physiological habituation to threat may
explain these findings.

Strengths and Limitations
This study has several keys strengths. First, the use of empirically-derived
phenotypes using bifactor and latent class models allowed for the inclusion of a
heterogeneous sample. Many prior studies of dysregulation have been conducted in the
service of differentiating the construct from bipolar disorder and validating SMD or
DMDD as an alternative diagnosis. As such, these studies have relied on DSM-oriented
criteria to formulate homogeneous groups a priori, and thus have not well represented the
diversity of emotional-behavioral symptoms present in clinics and the community. The
use of the SMD module of the K-SADS to create of an irritability score that reflects both
symptoms and impairment was a useful aspect of this study. Although limited by its lack
of psychometric validity, this scale allowed for irritability and dysregulation to be
examined in relation to each other without being biased by common method or informant
variance. Furthermore, the relatively large sample of children with clinical symptoms in
combination with multimodal data methods allowed for the simultaneous examination of
multiple empirically-derived mechanisms of irritability.
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Nonetheless, there were several noteworthy limitations of both the overall and
current study. First, data were collected as part of two larger studies, which required
families to attend several multi-hour study sessions. In particular, Study 2 required that
either both biological parents or one biological parent and a sibling participate in all
sessions with the referred child. These aspects of the study design may have biased the
sample towards more traditional families with higher levels of cohesion and intact
planning/organizational skills. Additionally, our sample represented predominantly white
families, and therefore, the generalizability of these findings to other racial and/or ethnic
groups is unclear. Finally, information regarding children’s medication status during data
collection was unavailable. As such, we were unable to account for the possible effects of
psychiatric medications on the behavioral, cognitive and physiological processes
examined in this study.
The current study also had measurement and statistical limitations. First, the
decisions to test multimodal RDoC constructs within a CFA framework as well as to
pursue invariance testing of complex measurement and structural models reflected
excessive theoretical and statistical optimism. Poor fit for proposed CFA models was
successfully addressed through the use of EFA and ESEM techniques. However, the lack
of demonstrated measurement invariance in the latent mechanisms of SNS response and
cognitive dyscontrol of emotion detracts from the ability to confidently interpret the
subsequent main and interaction effects identified in this study due to uncertainty
regarding whether the same constructs were being measured across this heterogeneous
sample. Furthermore, although the bifactor model was very useful for exploring the
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multidimensional nature of dysregulation, its clinical utility was limited. This was
partially addressed through the identification of latent classes. However, because a class
that represented predominantly internalizing or mood symptoms was not identified, this
model was somewhat less useful in addressing the aims of this study, as it was not
possible to determine the extent to which dysregulation overlapped with internalizing
phenotypes in terms of irritability symptoms and mechanisms. The absence of such a
group may have been due to the mean age of our sample being younger than the typical
age of onset for many affective and anxiety disorders.

Future Directions
The results of this study have raised many additional questions about
dysregulation, irritability and the mechanisms by which they are connected that warrant
future research. First and foremost, replication studies are needed in order to confirm the
validity of the mechanisms of SNS response and cognitive dyscontrol of emotion
identified in this study. Another important next step is to refine theoretical model of
irritability by examining its relations to cognitive, behavioral, affective and physiological
responses to a variety of emotional stimuli. This will serve to clarify whether irritability
represent deficits in processing specific types (e.g., frustration, threat) or valences (e.g.,
negative) of emotion. It would also be of interest to examine irritability and its associated
mechanisms across different diagnostic classifications in order to integrate RDoCinformed approaches with more clinically relevant categories. Similarly, examination of
the relations between dysregulation and more specific components of irritability (e.g.,
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tonic and phasic) may yield additional insights into continuities and discontinuities in this
highly transdiagnostic symptom. The current study found empirical support for the role
of the SNS in connecting dysregulation to irritability symptoms. However, given the vast
literature citing the dynamic interactions between the SNS and PNS (Porges et al., 2007),
future research would benefit from studying these processes simultaneously in addition to
over time and in relation to childhood adversity. These methodological changes would
help elucidate the temporal relationships between autonomic functioning, irritability and
dysregulation. Finally, in this study, only linear analyses, including moderation, were
used to examine the relations between irritability, dysregulation, SNS response and
cognitive dyscontrol of emotion. The use of alternative statistical approaches, such as
mediational analyses and non-linear or intensive longitudinal methods may yield
additional insights into the nature of these relationships.

Conclusions
In conclusion, the current work showed that, despite phenotypic overlap with
other forms of developmental psychopathology, dysregulated children can be
distinguished based on the severity of their irritability symptoms. This supports the
conceptualization of dysregulation as a unique syndrome characterized by intense and
persistent irritability and lends credence to the novel diagnosis of DMDD in DSM-5.
Furthermore, cognitive, behavioral and physiological patterns identified in this study
suggest that deficits in processing broad negative emotion, as opposed to frustration or
threat specifically, may constitute an underlying vulnerability for irritability.
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